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,. d «™yl.c acid polysaccharides and methods for 

LACTONES OF CARBOXYL.C AC.DP ^ 

Th e tormation o, peritoneal or Intraabdominal adhesions is a trequen, and 

peritonea, injury, or radiation therapy [see M. A. We he, a 
ad hesions and their reiation to abdominal surge. *a ^ 
, , Mathes and L. Alexander. — ,n, «. »» 0 «. 

6(4):8 0 9 -82< PM and L Holmdahi, B. R.sber, a ^ ^ 
G S d,Zere 8 a. H. Ellis, -Adhesions: pathogenesrs and prevent™ p 

• L J Suro S UP p/.,577: 56-62 (1997)1- Weihel's autopsy report o. 752 
^Zh la u Zonld 0mi n a , surge, revealed an adhesion rate o, 67*. 
P r r3 ioal division ot an adhesion to relieve a previous, induced intes ,na 

— resu,, in a — - ^ „ ng 

- - N ' L T" 2 5oT ^ o -'the — Center tor Heaith 

Fibrotic tissue a* y treatment [see Mathes, Supra]. 

not be Cinioally evident tor months or years after reatme 

These interna, adhesions can become pa,holog,c as a result 
■ hi ch result These distortions cause subsequent morbidit.es such as 
IT JTT— „ «- -* pain, volvulus, or even hemorrhage 
: her induced by radiation or surge, many techniques have been em 
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, .„ h Baeuml U. Behrends, R. U. Peter, S. Mueller, 
pho spho,ipids, or barrier powers !see * Baeu^ ^ ^ 

C. K— aue, , W. Caught - ^ ^ ^ 

9 — ° f re rr t:; r ^ - 

1^ » Free Rad/ca/ Res., 27 (2).12/ i« i' 

' Po,ar, — o- anionic powers (either as ab— « 
, h ™ dte or as viscous aqueous solutions iniected ,.p.) seem 
m echanica„y placed on s,.e or » _ a „ of 

thc most successful. Some examples of these «a ^ 
wh ich nave been shown capable o, reducing adhesions - > 
sodiu m carboxymethy, cellulose, chondroitin p , Qoh , 

a Ainnnat S R Lakshminarasappa, N. vavuz, d..u 
polyac „a,e isee A. Alpona, S. a ^ ^ ^ 

■Prevention of adhesions by Sep.af.lm , a ^ 

„, m . a1 „ a19 dggT); J. W. Burns, K. Skinner, M. J. Colt, L. burg 
Saw «« < 2 based for prevention ot postsurgical 

3 and M. P. Diamond, A hya na ^ ^ v ^ M 

w Rosic, "Des.gn of a method for Rod eheaver, "Analysis of 

° o-7x c c Harris R F. Morgan, and G. T. Roaeneave , 

do 52(7):536-537 (1997); E. S. Hams, of tential 

the Kinetics of peritonea, adhesion for.at.on ,n the rat and ev 

•n* » Suroerv 1 17 (6) .663-669 (1995); G. Oelsner, R. A. bra 

. .. „, , a rboxvlmethyl cellulose and paparn,' An,. 
formation with a combination of carboxylmethy ^ 

30 Gastroenterol. 28(2):63-68 (1991); and J. M- Seeger, L. 0. Kaelm, E. 
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. iAf Rums and G P. Goldberg, "Prevention of 
x/ i r Bailev S. Normann, J. W. Burns, ana o. r 

mo st minimal adhesion protective effect (see Harris, Supra). 

Ice treatment for malignancy is the most common medical reason for 
surg ery or radiation therapy in the abdominal area, the combination of an 
ILon pharmacology - an an,, U mor effect in a — 
adiuva n, wouid represent a profound ciinical advantage, and „ ,s to 

end .use, conges thereof. These bio,o 8 ica,,y efficacious con,u^ e- 
lh erapeu,,cs, inciuding but no, iimited ,o metaiio-coordinated cspiatm (and 
carbopiatin, coniugates and covered coniugates 

^-^rrrrrr^:r^ 



in a wide range o, prcduct, ^ ^ ^ ^ 0 , any 

medical condiUon, ,e., .or e ampl* ^ ^ of 

malignant ^^^'^ ^g^s the ratio of attached molecules per each 

, employed in the present invents. ^ caiboxymethyl 

3 cellulose can be l.nked d.rectly conjugation 
5 tunction, or ,0 any nuCophilic ^^T^JL, N . a cy, rearranged 

: — ° r :::: • . «. — - - 

Greg T. Hermansonl, Academic Press (1996V ^ 

— - — ad 7 9 I S e in el — ,0 water ot the coupling 
wormed in aqueous med,a^ ^ « ^ ft Gi „ es , , Q . 

25 pro mo.ers must he compensated by us 0 ^ ^ ^ 

1 Rnrriers Ana.Biochem.,ia4-#* t ***°\ 
HUdS ° n ' « 0 «en.s intended ,0 promote coupling o«en remains on the 
chemical res,due o. the eag ^ ^ ^ ^ Cross . 

macromolecule backbone IS. S. Wong, o Thus , even i. both 

/iQQ\ nn 122-123] and is difficult to remuvc 

. ■ 
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„ (ha nRAS list or on the FDA's list of 
« oo rofiprted either by inclusion on the GRAb nsi o' " 

— — me r T of ,he non " 

ZL to-** -n,s .ay have an adverse, « a, leas, an un^n, 

process according » *e presen, — * Caching - «" 

hwrimixmis and pH adjustment, one can have penaam a 
T I ST 'I lev!. »ese anionic po, y saccha rt de caries a, 
rT:- — and , „ con^ion - 

II presen, invasion, and possess - ^ ^ 

cnemomerapeuUc hea,ing o, abdominal malignances wh,ch have been surg , 
cnemouiB v oolysaccharides can be 

IIIoLes I —o, flavoring o, Iragrance aprons — a, 

. ri m - — — - - — * 

„ presen. inven«on include carbox y me thy , cellulose, ^^o^ 
JL*-,-* carbox^l cbi t osan, P^^^ 
carbo x ym e t h y la.ed saccharides are wide, reported ^ „ „ 

25 critical that the aegree carboxvlic group be 

uni.no. exceed 1.2. Optimum lac.oniza.ion requ.res <ha. .he carbox y 

b es, ,o no.e a,rna,ive names, and in some ~ from 
30 Carb^me^lcellulose sodium sal, a,so Known as SCMS o, CMCS 



. Hercu,es Inc. (Wilmington, DE); pectin potassium sal, is available from Sigma (St. 

Louis MO) (,ui, pectin conventionally sold to the public (or use in home canning ,s a,so 
satisfactory it purified as noted herein; O.N-Carboxymethyi, O-carboxymethyl, and N- 
carboxymethylchitosan are available from CarboMer (Westborough. MA), and N- 
carboxymethylchitosan ,s available trom V-Labs Inc. (Covington. LA, (these chitosan 
, o products can also be found in the literature as g,ucosamine polymer, 

carboxylmethylated on 0-, N, or mixed O.N- specified); carboxymethyl starch is also 
Known as starch glycolate or as starch carboxymethyl ether and is available as « 
sodium sal. from Penwes. Pharmaceuticals (Patterson, NY) or National Starch Inc. 
(Bridgewater, NJ); carboxymethyl alpha- and beta-cyclodextrins are available as the 
, 5 free acids from CarboMer; carboxy-starch is a research-grade product produced by 
partial oxidation of the C6 primary hydroxyl on starch by National Starch ,nc. 

After ^Conization according to the method of the present invention descnbed 
more fully herein, and subsequent ring-opening by a nucieophilic small molecule, each of 
the unique polymeric con]ugates according to the present invention is capable of 
2. releasing the 'active ingredient'. Furthermore, by controlling the effective degree of 
substitution (i.e., drug or other 'active ingredient' moieties per repeating glucose un,«) 
at the time of synthesis, one can adjust the period of in vivo release of such 
conjugated compounds. The carboxy and carboxymethyl polysaccharide compounds 
mad e in accordance with the method of the present invention i.e., those compounds 
25 ,o which have been attached an appropriate small 'active ingredient' molecule, have 
uses in areas outside of well outside of therapeutics, including in body implants, and ,n 
formulations for laundry products, chewing gum, food processing, and paint 
improvers. 

,n a more detailed description of the present invention, a process for the 
30 preparation of saccharide lactones, chemotherapeutic and biologically-active 



10 



15 



ooniuaa.es prepared from these lactones, and specific application o. the salts 

re ,cns, were selected .or lin^e .0 carooxymethy, celluiose as pro-dru as 
lentionallv understood,. These che m o,herapeu,ics are p, .hose 

, ^ aHachmen. is coordinated (cispla.in, carboplatm), and (2) those 
ST : — — , o.hecarhoxy„unc,ion b y a h.ro,^ ,, 
e„ pticine, mi.oxan.rone, aminoglutethemide. vitamin E, mitoguazone). Chem,ca 
^ ling o. .he hiologically-aCive age, <pharmace,ical> , ,e laCone prov,d. 
HI release ,ormula,ion (a pro-drug, which is reieased b o, with and w,hou. 

en ^:rio Xym e,h y , cellulose, carhoxymethy, cellulose ( acid .or.,, and . in 
situ hy droly 2 ed carooxymethy, celiuiose (lactone torn,, was used to den— 



20 

cisplatin 



n " wprp used to demonstrate 

Conjugates of fragrance and flavor components were 

.nHc: in addition to the chemotherapeut.c examples 
linkage of biologically-active compounds, .n add.t.on 

, 6 ne chemist, according to the present — 

provides a more than accede method tor the preparation o, pro-perlumes and 
I!. ,n this application a prepare is a chemica, 
Live ingredient is a molecule possessing use-u, fragrance propert.es ,e, ered o 
ILed .o a polysaccharide «rom which I. demon,r,es prolonged release e,.her 
30 J lou, e Lyme, ado, A P— is the polysaccharide ,e,hered or 



coni u 9 a,ed ,o a PC*— carrier - — ■ P— 

properties when released, with or without enzymatic ac„on, trom the ar e . 

A ,so described is the empioythen, o, ci,,hexe,,.o, (o, -,eat aicoho, 
, et J, or conned to a Saccharide carher as — ry ot the — 
, According, it is an aspect o, the disciosureo, the presen„nven,,on,o 

describe a series of iactones o. polysaccharide carboxylic acds. 

is another aspect ot the disCosure ot the present invention to descr a 

nolysaccharide carboxylic acids. 
|5 These and Cher aspects ot ,e present invention can be deduced by so 

«ed in the a rt to which „ pertains by reterence to the toiiowino examples , e, 
description The tollowino examples are thus provided tor purposes ot Canty 

,„ he considered to be within the scope ot the present invent.cn. 

II r 9 ard to FIGURE , there is shewn the controlled reiease o, Cispla r, trom 

EXAMPLE 1 
Preparation of the Lactones 

a) Purification of starting materials Qnhu rirous 
R is preferred that ,« saccharide acids be purified, fine.y-powdered, anhydrous 
ca J,i acids with minima, sodium or potassium carboxy.ate content. Only the free 

30 ::r — * — -* - — accord,ng to 
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, to obtain ef.ec.ive lac.oniza.ion. ai, s.ar,ing ma.erials (whe.her 
me pre sen, i— o - e ^ ^ ^ ^ on 

* *~ — - and passe :r a 

oommercai matenals) we ^ be 

mixe d bed -in ion exchange coium, * , his purpose: 

s ,„. .be Sigma _ Be, Bean W*» ^ 

The eiuan. was charged .0 a d,a,ys,s bag <S,gma «. ( ^ ^ 

,r n «i 1610 cm"') but only the free carboxyl.c ac.d forms (C o 
anion (C=0 ca 1610 cm bondjng) of the 

5 of 1720-1645 cm"' depend.ng on extent er 
lactonization was performed. 
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b) Lac.oniza.ion ^ ^ , r an anhydrous non . 

Lac.oniza.ion was earned ou. by .herma y 

nucleop h,,ic so,en.. The acid can be iac^e £ - ^ ^ 

acid or as a so, U .ion or par.ia, (bp 162 . c) , and 

xy ,enes (bp ,»144 <* .oluene ( P 1 -M10 - o| 

-i- /hn R2 °C) perform satisfactorily, uegree u 
acetonitrile (bp 82 v,) P« saccharide acid 

u, rnnH oer repeating monomeric carbohydrate unit in 
available -C00H per repeal g ^ 

. ih not exceed 1.2 although much lower d.s. (0.25 to ) V 
should not exceed ^ flexlbtei more 

rrr-,=-- 



and 6-carboxystarch. 
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A chemical structure 'flow chart 
conization according to the present invention is: 



; . of these two general reactions for obtaining 








12 



pr e,era b ,y — 1000 * « - ^ depending 

critical .0 -he present invention, and thus n V ^ ^ ^ 

upo „ the characteristics «. .he «na. product » ^ p(esent lnventlon 

t e s « o, those In me a, to determin • - ^ > ^ are de s,red 
hc(ei „ and ,he ^edgeo, what spec.0 proper o 

,o, a specific use. cart) oxymemyl cellulose was 
completely lactonized, carboxymetnyi 

acid was 50-70% lactonized. ^ ^ reoognized by alte red 

As recognized by those sWed ,n the art, , actone , 
phy sica, properties compared to their star « ^ ^ ^ 

, acton e was collected as a wa,er,nso,u b ,e wh»e sol, ^ ^ 

0 ,„ th ,, r Intrared spectra a„ - ^ 

envelope o. the lactone C-0 s . c ^ ^ sWuclure5 
abs0 rp,ions pre— ^ acueous b ase. The genera, lactonization 

are present. Uotones open and ^ - in 50 ml 

25 synth e,ic method retires heating ^ 9 ^ „ „ eld 
of vi9 orous,y stirred anhydrous ««~ ^ ^ ^ ^ saccharides 

me lactone. While this genera I meth^ s ^ ^ ^ 
according to the present mvent.on. we 
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EXAMPLE 2 

Preparation o. Carboxymethyl Cellulose UCcne (CMCL, 
t ,ad,tiona, carbodilmide-promoted coupling, one o«en exp en 

backbone [Heindel 19941- A solution to 

imm unogen,city an. .be -oxic«y - - — * P ^ ^ utnize them , 

avoid sue, chemical -idues - Pr0m0 ; ah Live internal iactone 

, ,„, he case oi carboxymethyl dextran a h,ghly reactive 

b ,o,ogica„y important module, ^ ^ The 

carbo rr ; r££ « - • ~~ — ded in 60 mi of 

20 white flaky solid (1 .0 g) was puiv ^ ^ was 

anhydrous diglyme (or xylene,, and heated at 0 „.„hi.e 

The 'resulting product was tben dried ,n vacuo by 
25 , all the solvent used in the ^^^^ t0 th e walls 

ro ,ary vacuum evaporator the lactone can be obtained ^ ^ 

ol the vessel. A characteristic C=0 stretch was seen at 1750 cm 

native o. this lactone. ^ wherein , he 

The route to the synthesis ot th,s lactt ^ ^ ^ 

30 sodium carboxymethyl cellulose is converted to the 
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. u ♦h* infrared C=0 shift from acid (ca 
The process o. Ionization can be Mowed by .he .ntrared 

1720 cm 1 ) to lactone. 

EXAMPLE 3 
Preparation of Pectin Lactone 

r::rn"7:z — 

and nonreacted ac.d (1680 cm ) cou , d be 

the pectin acid could no, be driven to a «^ sM am ,nes and 

* "^I^P^e - optimize , h e loadins o, - - 

EXAMPLE 4 

dr ied, and pulverized as descnbed above. I< ^ ^ 

anhydrous , glyme , isoiated r and 0 n tbe puritied acid 

sodio sal, displayed « — - ^ ^ „ ^ was >90% complete 

displayed the C=0 at 1717 cm . 
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...tone C-0 was evident at 1742 cm 
and the new lactone o-u 

EXAMPLES 
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, , a ,boxvmethyl cellulose-cisplatin conjugate from ,he 
Preparation ot carboxymethy^ ^ ^ 

, onH inrieed other metal-containing 
ln complexometric binding o. platinum (and mdeed 
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• conges, .0 carboxylic acid ligands, ion concentrations may be critical. For 
' iXe « been reported that cispiatin associates best with carboxyl.c 

IT. ,e sodium ions have been removed and a„ — " 

— T.Z : !olloxyme,hy, celluiose (SCMC) was dissoived in ,0 m, 
' 5 of J ILed water by heating and Ration at ca SCO -C ,0^— ,y 
0 minutes The soiution remained homogeneous on cooling to room temper tore 
er 7h h i, was passed through an ion exchange resin coiumn Mixed Bed 

Z ZU *U- W« — «*» e " T o 

20 h exchanges ol water, evaporated in vacuo to about one* the voiume (c , 20 

T Z resting soiution was then divided into two eoua, 10 m, portions one o. 
Ilich was WhiLd, dned to constant weigh, and weighed. This technique wa, 
ir.o deterline the number o, grams (or moies, ot the ceiiuiosic polymer ,n the 

remaining aqueous aliquot. ■ , , of 

in a separate sequence, 15-30 mg of cispiatin was d.ssolved in 1 to 2 

In mixed in a volume ratio , insure that a moie ratio o, 10,1 cspiatm,- 
30 determined trorn the k nown degree ot substitution. The solution was seaied and 
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u- v, nmcess a clear, nearly 

^. ------ -r:^ ------ ■ 

against distitled/deionized water «or trve V ^ disti „ ed , deto nized 

I,,, - conned * — — * « 

pu *a,,on process and since me **** the amo un. 

lies o, cisplatin to motes - * P ^ ^ ^ sodium „ and 
of pound cispia«, «— cenulose (CM S),is-piatin U m add,, 

pro duces the «na. P*- as bounded » polymeric systems 

An es^ished anaiytica, method « ^ ^ uW , ed a s a 

, - - — * - : : re ad - « - — . 

qua n,-ve chromogen tor a compie ^ ^ ^ has 40 , 0 

I*ra«on standard -~ A ^^ee „ subsWu tion can Pe varied over 
mi „ im o,es a. cispt* per moie o, CMC _ T*J ^ ^ „ CMC Py 

a wide range o, *0 . -0 mittimoie c, - ( ^ 
20 oonuoi o, me ,n« reacting ra.,o »« *. ** ^ , as low a s 0.8 

Furt hermore, ene is no, timited to the - - ^ ^ ^ ^ , ^ 

one achieves hrgher (d.s.) 

.mvl cellulose-cisplatin ccnjugate from me 

°< -Sffl?- - ^' . , cd w a,er Py 
, • mn ml of distilled/deionized water oy 

heating and agitation a, ca 80-90 C p PP ^ ^ 2Q m , „ was 
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, oer repeating glucose moiety can 
. rarboxyl and of carboxyls per rep 

- - -.si - : - - —z: r— - 

-T 

-j „. , ne carboxylate salt. 
the tree acrd or the . om the lactone of 

"-r^-;r: 

. o(l heCMCLm«e „ mW , drssolves 

20 commencing *r* the lact an 

- usin9 m ; ::: : tz - - ::: :n >° ~ 

Tl Lme,„ ce«ose, ,e <^ as .scribed 

carboxy- and ca eW , dextran. « sod ^ 

25 herein. For examp^ ^ com parab,e results ,n (d.s.) P 

(preparation descnbed Hernd 
glu cose residues obtained. 

BioevailaPW of bound drug ^ ^ ^ 

. -~r.~~'~ - 

t0 the cellulose earner as 
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— — ^i-'- - - 

weigh* cu th p Wrate ac^ rteterrruneo w be 

0 - Q formed on the ^ dete dete rrruned to 

% . „ . he oonuo^ <* ase boated. >* ide an( ) 

^^^^^ 

30 lactone or P 
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nharmaceuticals including but not limited 
Such biologically-active substances may be pharmaceut.c 

including but no, limited .0 lea. alcoho, (C ' 5 - 3 - X ale A „ ached as a pr o,lavo, 

— =-^ ::::::::1 ----- ,-, 

aC,i ° n Furthemore , the — ^ a '^7l^ thy , 

. alcohol , --^^j^r JL- ,e., 3,,— 

oeC anol. Vdodeca » w ^ an|sic alcoho ,, b enzyl alcoho,, 

an d isonws,, , • - ^Z^^^ — 
2-cyclohexyle.hyl alcohol, 2,4d,me,hy y ^^^^„ -n0( », 
aicohol, hydroxyci«onellol, isocyclogeran* 3-hydroxymethy 

ih^ n ,vi alcohol 3-phenylpropanol, and others. 
25 isopropylbenzyl alcohol, p , h , mat the nucleophilicity and steric 

sufficient to ring-open the saccharide lactones. 
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tha v « sat Hitv of the conjugates according to 
EXAMPLE 10 

,h linkina aqent that fulfills this bridging funct.on. 

illustrative of this process was me w« 
present are opened). Illustrative QnH to ml of water were mixed. 

rt rt f rMCL 5 0 ml of hydrazine hydrate, and 3.0 ml ot wa 
whic h 10 mg of CMCL, 5.0 m y ^ ^ ^ ^ ^ ^ ^ 

The lactone quickly dissolved. The solut.on ^ 

, ^ «nr * riavs with 3 changes of water, me o 
20 ml of water and analyzed (o, 5 days m ^ 

di ethylenetriamine P entaacet.c ac.d (as DTPA b,s anny 

tionisdescribed 



below: 
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EXAMPLE 11: 



Potion o. CMC-Aminoglutethimide con,ugate. 

rrMCLi according to the present invention was prepared 
CMC-iactone (CMCL, accord, g . ^ ^ aminoglu ,e.himide 

previ ous ly described, and was opened by *e - 

acetonitrile and 336 mg of CMCL were ^ ^ 

was - 1. * - T : ,h r dr. w as by 

dissolving the cream colored flakes _ of ^ 

. T ne - ,uan«ty ot ^ „ retentive (s amp,e in bag) was 

undergone reaCon w,.h the drug. A ^ Jhe 

— r u : - - - - 1 - and po,ymer are presen : 

As W as noted with c,spia.,n, the ^ fey 
20 variation in me degree ol subsfi.ut.on wh,ch . determ 

analysis for % nitrogen. 4 25. (m) 2.9-1.3 (Br), 6.85 (DD), 6.91 

1H NOR ,00) 0,3 (.), I- 0* « ^ amlde); mp > 300 <* d.s. . 

(DD , FT-IR (KBr peiiet): ,* _ of 0 0 , , 0 0 , are 

" EXAMPLE 12 

Preparation of CMC-ellipticinium conjugate 

n of2(4 Jraz^^ 
120 mg of 2-(4 nydraz. |eadjng tQ 

. rr. -irr^rj 
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The deep yellow flakes 

hr and me .cess soiven, removea » A tew .ops - 0,N 

we re on,, par* -* - *" maining ,ac,one as was done 

noah acnieved con^ete so,u«y * T a I > — * 5 *" * ' 
prev ious,y. * -ess *- - d ' a,y ;l: I L una. reaucea pressure 
Hanges o, water. - ,*w — ~ "T was perform ea agains, an uitra- 

- — ' ^Tmrlla *e presence o, drug ana poiy^e, ™ 
mrtnum. Proton NOB ana FT* ^ o , „ peaks 

0 ,3 ,oaa o, ei^niun, 0" - " d , Aromatic resonances in 

lmp ossi b le wi* M — ^ ° p[0tons in , h e origina, arug. C-H 

— s .rem - car^ hyaraziae C-0 a, 1652 

The original ellipticinium possesses ^ ^ conjugate 

cm -ana tne «CL possesses Us C=0 a ^ ^ 

dlsp ,ays 0=0 .anas a, 1« 1- - ^ ^ , 24 , , 6 , 7 ,9. ,95. 

20 1H NOR (DO, 1.52-1.54. 1.79 J- ^ ^ ^ 365 (B , 

8 .95 ppm. FT-IB (KBr « 1694, 1651 » ^ _ 0.13 by the methoa 

w ea», 305 (strong), 245 (weak) nm. mp > _ ■ ^ ^ ^ be 

ab ove; Py variation °. reaction ratios a range (as) 

aChi6Ved - EXAMPLE 13 

25 «« rMr-mitoxantrone conjugate 

Pre parat,on of CMC mrtox ^ ^ 

m , of anhydrous aoetonitriie upon add-on o, ^ ^ ^ ^ 

„ CMCL were aaaea ana tne — * ^ ^ mitoxantro ne was 
30 argon. The ace.onitri.e was evaporated o« 
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dialyzed against a 0.001 N noah solution for 5 days with 2 changes of solution. This is 
done so as to ensure that the non-attached mitoxantrone transverses the dialysis 
bag because it is not very soluble in water. The retentive obtained after dialysis 
against the noah solution was further dialyzed for 3 days in distilled water with 2 
changes of water to remove excess noah. The CMC-mitoxantrone conjugate (blue 
flakes) was dried via lyophilization. Quantification was carried out against a 
calibration curve prepared with authentic mitoxantrone. 

1H NOR (DO); 1.09 (m), 2.85 - 3.93 (Br), 6.75 (d). FT-IR (KBr disk); 1720, 1645, 
1600, and 1590 cm" 1 , UV (water); several weak bands, maximum at 604 nm, mp > 
300 °C, d.s = 0.1 (range obtainable by adjusting reaction ratios 0.01 to 0.25 

EXAMPLE 14 
Preparation of the CMC-mitoguazone conjugate 
A 100 ml round bottom flask was charged with a suspension of 75 mg (408 
mmol) of mitoguazone, 50 mg of CMC-lactone (or CMCL), and 10 ml of anhydrous 
acetonitrile. The reaction medium was refluxed and stirred for 24 hours, filtered, and 
the solid washed on the filter with a minimum of cold water. The solid was briefly 
dried in vacuum to ensure removal of the organic solvent (residual acetonitrile can 
dissolve holes in the dialysis bag into which the conjugate was dissolved in 80 ml of 
distilled water). Dialysis was conducted for five days with three changes of the 
external water. Lyophilization produced an off-white conjugate of no-defined melting 
point (decomposition over a temperature range in excess of 100 °C). Mitoguazone 
itself acts like a pH indicator changing from a clear, nearly colorless solution to a 
bright yellow solution as the pH is raised from the acid range to 1 1 . The purified 
carboxymethyl cellulose conjugate of mitoguazone evidenced this same pH-related 
color change also at pH 11. Even though this color transition can be 
spectroscopically quantified by weighed standards of the free drug and used to 



determine degree of substitution, the most sensitive determination is by combustion 
analysis to quantify nitrogen content of the dried conjugates. The parent CMCL, of 
course, has no nitrogen content. The procedure described above gives a product 
with 7.43% nitrogen which reflects a d.s. of 0.15. When carried out with a greater 
excess of mitoguazone, or for a longer reflux time, or in higher boiling solvents 
(diglyme, bp 162 °C; dioxane bp 101 °C) higher d.s. values of 0.15 to 0.30 can be 
obtained. 

EXAMPLE 15 

Preparation of the pectin lactone conjugate of leaf alcohol 

a. From pre-prepared pectin lactone 

A charge of 540 mg of pectin lactone and 20 ml of leaf alcohol (cis 3-hexen-1- 
ol) was placed in a 50 ml round bottom flask fitted with a magnetic stirrer. Although 
insoluble at ambient temperature most of the pectin lactone dissolved, i.e., reacted, 
when heated to reflux. Reflux and stirring was continued for 24 hr whereafter the 
excess leaf alcohol was removed by heating in vacuo. The resulting gum was 
dissolved in a minimum quantity of cold methanol and filtered to remove insoluble 
material. Upon evaporation in vacuo the polymer was examined by infrared 
spectroscopy revealing a ca 50% esterification. No lactone remained. 

b. By in situ lactonization and esterification on pectin 

Into a 25 ml flask fitted with a magnetic stirrer and condenser was placed 8.0 
ml of leaf alcohol (cis 3-hexen-1-ol). The alcohol was warmed to 50 °C and treated to 
the portionwise addition of 200 mg of purified, dried, powdered pectin acid. The 
temperature was raised to 60 °C, and 4.0 ml of anhydrous toluene were added. The 
mixture was then heated to distill volatiles from the medium. Four ml of additional 
toluene were added to replace that which distilled and the distillation continued. After 
6 hrs of heating the mixture was cooled to room temperature and a solid 



carbohydrate precipitated (IR showed few ester and many carboxylic acid carbonyls 
in the solid). The solid was washed on the filter with 10 ml of hexane and the 
combined organic fractions distilled (30 °C at 0.6 Torr) to remove both hexane and 
leaf alcohol. The light yellow oil was shown by FT IR to possess 50% ester/acid (1718 
cm' 1 ester C=0 and 1670 cm" 1 pectin acid C=0). 

EXAMPLE 16 
Preparation of the vitamin E conjugate 
A solution was prepared from 33.0 mg, 0.045 mmoles, of the vitamin E 
derivative, sodium alpha-tocopherol-sulfo-N-hydroxysuccinimide [Molecular Biosciences] 
in 7.0 ml of water which was filtered to remove traces of insoluble material. The fluid 
volume was raised to 15 ml by the addition of distilled water and 10 mg of 
carboxymethylcellulose hydrazide, pre-dissolved in 7.0 ml of water, were added. The 
resulting solution was stirred and heated at 50°C for 24 hrs and then at 25°C for a 
second 24 hr period during which a white precipitate of the vitamin E conjugate 
formed. Quantitative uv spectroscopy showed that the d.s. of vitamin E on the 
carboxymethylcellulose hydrazide was 0.1. 

EXAMPLE 17 

Preparation of the diethylenetriaminopentaacetic acid conjugate 
20 mg, 0.056 mmoles, of the bis-anhydride of diethylenetriaminopentaacetic 
acid, 10 ml of anhydrous pyridine, and 10 mg of carboxymethylcellulose hydrazide 
were charged to a 25 ml round bottom flask and heated to 1 1 5 °C for 24 hrs. The 
cellulose hydrazide did not dissolve until 10 ml of distilled water were added. 
Evaporation in vacuum and dialysis of the crude solid (5 days, 3 water changes to 
remove the non-conjugated DTPA) gave the conjugate after lypophilization. The d.s. 
was 0.05. 



For the formulation of suitable products from the conjugates according to the 
present invention, as described above, and for all the mentioned carboxy- and 
carboxymethyl- saccharide conjugates, nonreacted lactone is hydrolyzed with base 
and dialyzed to neutrality, after which the conjugate is retained as an aqueous 
solution, lyophilized powder, gum, or film. Since all conjugates retained uncoupled 
carboxylic acid moieties, they may be adjusted to their sodo salts by pH adjustment 
following well known protocols. This variability gives flexibility in the form for use of 
the conjugates according to the present invention. Forms for use comprise, but are 
not limited to, injectable aqueous solutions as pro-drugs for therapy, mechanically 
implanted strips as pro-pharmaceutical depots, solid or solution additives as pro- 
flavors to food, solid or solution additives as pro-perfumes to laundry products, 
ribbons or films employed in fulfillment of the clinical objectives of adhesion inhibition or 
malignant growth suppression in interperitoneal cavities. Of course, by referring to 
these conjugates as "pro-" compounds, it is meant that the active moiety, be it 
pharmaceutical, flavorant, fragrance or other end-use product, is in a generally 
inactive form while part of the conjugated material, and becomes 'active' when 
released from the conjugate. Conjugates of vitamin E may be used to promote local 
or system wound healing. Conjugates of DTPA may prove useful as either their 
gadolinium chelates for magnetic resonance imaging (MRI) or as their radiometal 
chelates for nuclear medicine imaging. 

Thus, while we have illustrated and described the preferred embodiment of our 
invention, it is to be understood that this invention is capable of variation and 
modification, and we therefore do not wish or intend to be limited to the precise 
terms set forth, but desire and intend to avail ourselves of such changes and 
modifications which may be made for adapting the present invention to various 
usage's and conditions. Accordingly, such changes and modifications are properly 



intended to be within the full range of equivalents, and therefore within the purview of 
the following claims. The terms and expressions which have been employed in the 
foregoing specification are used as terms of description and not of limitation, and 
thus there is no intention, in the use of such terms and expressions, of excluding 
equivalents of the features shown and described, or portions thereof; the scope of 
the invention being defined and limited only by the claims which follow. 

Having thus described our invention and the manner and process of making and 
using it in such full, clear, concise, and exact terms so as to enable any person skilled 
in the art to which it pertains, or with which it is most nearly connected, to make and use the 
same, 



